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Abstract 
This study presents some basic concepts for a systematic approach for formulation of a road safety improvement program in 
India. The numbers of road accidents are increasing at an alarming rate in India. Thus, there is an urgent need for a systematic 
approach to improve road safety. Road safety improvement program is a systematic approach to reduce the injuries, fatalities, 
deaths and loss of public properties because of road accidents. In order to develop an effective road safety improvement 
program, it is required to collect relevant data and analyze accident record so that hazardous locations can be identified. 
Further, it is required to conduct studies on identified safety hazardous locations to identify remedial measures to reduce 
severity and number of accidents. Further, as it is not possible to implement all remedial measures identified due to limited 
resources available, it is also required to determine urgency of the safety measures identified. Literature review indicated that 
the comprehensive accident record, essential for formulating road safety improvement program is not available. Hence, hardly 
any meaning full analysis is done to find out the accident hazardous location, vulnerable road users involved in accidents, 
causes of accident etc. which are so essential for identifying preventing measures. This study highlights the deficiencies in the 
present state of the art and also presents some basic concepts so that systematic approach for formulation of a road safety 
improvement program in India can be developed. The study presents basic concepts to develop a accident record system, for 
ranking of Safety hazardous locations, for identification of safety improvement measures and to determine priorities of safety 
measures. It is expected that this study will provide a systematic approach for development of road safety improvement 
program in India and thus pave the way for improving safety on Indian roads. 
© 2013 The Authors. Published by Elsevier Ltd 
Selection and peer-review under responsibility of International Scientific Committee 
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1. Introduction 
In India, 15 people die and 60 are seriously injured or disabled every hour in road accidents. Every year more 
than 1.17 million people die in road accidents around the world. The majority of these deaths, about 70 percent 
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occur in developing countries. Sixty-five percent of deaths involve pedestrians and 35 percent of pedestrian 
deaths are children. Over 10 million are crippled or injured each year. It has been estimated that at least 6 million 
more will die and 60 million will be injured during the next 10 years in developing countries unless urgent action 
is taken. (Singh & Suman, 2012)  Road accidents not only impose huge economic losses representing between 1-3 
% of annual Gross Domestic Product in most countries but also causes great emotional and financial stress to the 
millions of families affected. The continued steep increase in the number of road accidents indicates that these 
losses are undoubtedly inhibiting the economic and social development of the countries and adding to the poverty 
and hardships of the poor. Thus, there is an urgent need to improve safety of the roadway and its adjacent 
development. Considering this importance of improving road safety, United Nations has also declared 2011-2020 
as the decade of action for road safety with a goal to prevent five million road traffic deaths globally by 2020. The 
trends of road accidents and huge socio- economic losses shows that there is an urgent need of systematic 
approach and development of road safety improving program to reduce road accidents and fatalities within 
limited resources available. During the decade 2001 to 2011, the number of road accidents in the country 
increased at a compound annual growth rate (CAGR) of 2.1 per cent. Similarly, the number of road accident 
fatalities and the number of persons injured in road accidents in the country between 2001 and 2011 increased by 
5.8 per cent and 2.4 per cent, respectively. Table 1 present Growth in Select Accident Related Parameters CAGR 
in per cent (MORT&H, 2011). As a result of concerted and coordinated road safety efforts there has been a 
decline of the order 3.1 per cent and 0.4 per cent in the number of persons injured and the number of road 
accidents, respectively, in 2011, compared to 2010. However, the number of fatalities increased by 5.9 per cent in 
2011. 
 
Table 1: Growth in Select Accident Related Parameters 
 
 
 
 
 
 
Reduction in accident to the extent of 30 to 40per cent could be achieved by taking proper engineering 
measures both at macro and micro level (Ramesh, 1998). In order to reduce accident, it is essential that a 
systematic approach is adopted for the identification of most hazardous features contributing to road accident and 
appropriate remedial measures are selected and implemented. The potential for accident reduction through low-
cost, engineering measures at hazardous sites is particularly high. The methodology is required for rational 
decisions how the road network safety can be best improved within the available resources (Agarwal, Bhawsar, 
& Mehar, 2011). Thus, there is an urgent need to develop a simple methodology to make it easier to collect, 
manage, and use accident record for formulation of road safety improvement program. 
The objective of this study is to present systematic approach for formulation of a road safety improvement 
program in India. Road Safety Improvement Program a systematic approach to reduce the injuries, fatalities, deaths 
and loss of public properties because of road accidents. (Khisty & Kent, 2009)  
 
This paper consists of five sections. The first section highlights the need of the study.  Second section 
identifies the important deficiencies in present state of the art for development of a road safety improvement 
program. Third section presents the systematic approach for formulation of road safety improvement program.  
Application of the proposed framework is explained in the fourth section. The last section discusses the important 
conclusions made from this study. 
 
2. Literature Review  
 
A critical review of the literature on various aspects for formulation of road safety improvement program was 
carried out. Based on the literature review, some of these important deficiencies may be summarized as follows:   
Period     Number of Accidents  
    (CAGR %) 
    Number of fatalities  
     (CAGR %) 
   Number of Persons Injured  
   (CAGR %) 
1991-2001 3.2 3.7 4.7 
2001-2011 2.1 5.9 2.4 
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 The system of accident data collection in India is inconsistent and irregular as there is neither data collection 
format nor any robust system of regular and systematic data retrieval which is dependable and meaningful. 
Accident data are usually obtained by police agencies. Some of the deficiencies identified are as follows 
(IRC, 2012).   
o The form recommended by IRC is not being used by the most police department as it is understood to be 
too lengthy and cumbersome to fill.  
o The police do not have the resources or the level of training required to carry out a systematic collection 
of data as it is done in many high income countries.  Police personnel have difficulty in understanding 
the traffic and road geometry terminology with   which they are not familiar with, e.g. vertical and 
horizontal grade of the road, median, etc 
o The database maintained by police has been found to be grossly inadequate from point of view of 
recommended accident preventive measures.  
o  Uniformity in recording accident data is sometimes not maintained. There is a wide discrepancy in the 
accident statics reported by MoSRTH, National crime bureau and different city traffic police 
organization.         
o Underreporting, particularly of non injury accident (i.e., property damage only) presents another 
drawback to current accident record system. 
 The accident storage and retrieval system is also   quite poor. At present accident reporting, recording and 
analysing work is given a very low priority. The awareness about the utility of the accident record is very low 
and there is lack of trained skill personnel for accident recording and analysis.  
 Study of critical literature indicated that most of the methodologies for identification of hazardous locations 
require accident data. (Meeghat, Mahmood, & Sobhani 2011). However, comprehensive road accident data is 
rarely available. Hence, hardly any meaning full analysis is done to find out the accident hazardous location, 
vulnerable road users, road users involved in accidents, causes of accident etc. which are so essential for 
taking preventing measures. 
 The present literature does not suggest any rational methodology for prioritization of identified safety 
remedial measures to be implemented at each location within the limited resource available and there is no 
systematic approach to estimate the expected benefits for different remedial safety measures.  
 
3. Systematic Approach   for Formulation of A Road Safety Improvement Program 
 
A systemic road safety improvement program is identification of a set of remedial measures, to be 
implemented on different sections in the road network to reduce the injuries, fatalities, deaths and loss of public 
properties because of road accidents. Figure 1 presents the frame work proposed for formulation of road safety 
improvement program in India.   
 
                                    
 
    
 
 
 
 
                                    
                                                       
                                               
Figure 1 A frame work for formulation of road safety improvement program 
 
Stage I:  Development of Accident Recording System 
Stage II: Ranking of Safety Hazardous Locations  
Stage IV: Prioritization of Remedial Safety Measures 
Stage III: Identification of Remedial Safety Measures  
Output 
(Road Safety Improvement Program) 
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Based on the framework presented in Figure.1, the following four stages for formulation of road safety 
improvement program are identified (i) stage I: Development of Accident Recording System, (ii) stage II: 
Ranking of safety hazardous locations, (iii) stage III: Ranking of safety hazardous locations and (iv) stage IV: 
Prioritization of remedial safety measures, The approach for development of methodology for each of these stages 
are presented in the following sub sections: 
 
3.1: Development of Accident Recording System 
 
The first stage in formulation of a road safety improvement program is development of a comprehensive and 
reliable accident recording system. The basic aim and use of accident recording system is to provide necessary 
data required for formulation of safety improvement program. Literature review indicated that the present system 
of recording and analysis of accident data is grossly inadequate to carry out any meaning full analysis to 
recommend preventive safety measures. Thus, there is an urgent need to develop a simple methodology to make it 
easier to collect, manage, and use accident record for formulation of road safety improvement program. Some of 
the basic concepts and research need for development of such an accident recording system in India as follows: 
 The primary input to accident record is the information collected by the police in their investigation of traffic 
accident.  Thus, accident recording form obviously need to strike the right balance between the amount of 
detail the police record about each accident and their ability to do so in their available time and in certain 
aspect their expertise.  
 There is a need to develop a simpler and easy to fill form for recording accident data to developed annual 
accident statics in a comprehensive way. The new accident form need to be designed to record various facts 
related to accident covering the general identification details related to vehicle, victim and property damage 
involved in a particular accident. While at the same time keeping the data entry/recording process simple and 
less time consuming. 
 The accident  recording system  should be user friendly by possible reduction of quantum size of information 
asked for in these forms and at the same time recording all the information that will required for mass 
reporting which can help in developing indicators for carrying out detailed accident analysis at a subsequent 
stage.  
 The accident record system needs to have several quality measures such as timeliness, accuracy,        
completeness, uniformity, integration, and accessibility (FHA, 2010). Improving these quality measures need 
to be provided for adequate funding and institutional support. 
o Timeliness is a measure of how quickly an accident data is available within an accident record system. 
The use of traditional data collection and entry methods can result in significant time lags. By the time 
data are entered in the data system, they may be unrepresentative of current conditions. Hence, it is 
required that the accident recording system should meet the criteria of timeliness to have data available 
when they are most effective by using available technologies like automated accident data collection and 
processing of data. Develop computerized accident recording and analysis system so that the data can be 
transfer online and there is no time leg in publishing national accident record.  Data collection 
technologies offer improvements in the collection process and range from electronic accident report 
systems to barcode or magnetic strip technologies used to collect vehicle and license data. 
o Accuracy is a measure of how reliable the data are, and if the data correctly represent an occurrence. 
Aside from inconsistencies due to multiple data collectors, some error in judgment is likely to occur. 
Use of advanced technologies (e.g., global positioning systems (GPS), may be used to determines the 
location of the accident. Hence, it is required that the accident recording system should meet the criteria 
of accuracy to achieve necessary precision on problem identification. 
o  Completeness is a measure of missing information, including missing variables on the individual 
accident forms, as well as underreporting of accidents. Hence, it is required that the accident recording 
system should meet the criteria of completeness to show magnitude and provide all required details.  It is 
also required that information on minor accident that does not involve police investigation may also be 
recorded.  
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o  Uniformity measure of how consistent information is coded in the data system, and/or how well it meets 
accepted data standards. Lack of consistency includes both the number and types of variables collected 
and coded by each agency as well as the definitions used to define accident types and severity. Data 
collection managers should continually work with their partners in other agencies to improve data 
uniformity. Uniform coding and definition of data elements allows comparing accident problems of 
different regions, information exchange, and multiyear data analysis to detect trends, and identify 
emerging problems and effective road safety improvement program. Uniformity is necessary so that all 
highway data will be collected on a common basis that will permit future correlation 
o The accident record system should link accident data with other highway data including traffic volume, 
design element, and control devices inventories. Currently, each state maintains its own accident 
database to which the local agencies submit their accident reports. However, accident data alone do not 
typically provide sufficient information on the characteristics of the roadway, vehicle, driver experience, 
or medical consequences. If accident data are linked to other information databases such as roadway 
inventory, driver licensing, vehicle registration, citation/ conviction, EMS, emergency department, death 
certificate, census, and other state data, it becomes possible to evaluate the relationship among the 
roadway, vehicle, and human factors at the time of the accident. The information provided by this 
databank may be easily retrieved for research purpose. 
 Accident record system should also facilitate flexibility in the choice of methods used for data analysis and 
permits the study of a large number of accidents in a short time.  
 There is a need to develop a road location reference system  which  permits the aggregation of accident data 
for a locations.  
 There is a need to develop an electronic data collection system, new technologies and techniques can be cost-
effectively used to improve the safety data collection and analysis processes.  
 It may be necessary to change policies and procedures to make it easier to collect, manage, and use accident 
data.  .  
  A data standards manual needs to be developed to identify data streams, data definitions, and the agencies 
responsible for data collection and analysis.  
 There is a need to develop expertise in the country  for accident recording and analysis work  
 
3.2 Ranking of Safety Hazardous Locations 
 
The second stage in formulation of road safety improvement program is ranking of safety hazardous locations 
in a road network.. As discussed earlier, it is generally not possible to implement all remedial measures identified 
due to limited budget available for road safety improvement. Hence, it is required to rank the hazardous locations 
so that depending on the available budget, the hazardous locations can be treated. Literature review indicated that 
there is no such comprehensive methodology is available to rank safety hazardous locations, based on accident, 
traffic, and road network safety hazardous characteristics etc.   Therefore, a basic approach for development of 
such a methodology is identified as follows: 
 Road sections or locations that have high numbers of accidents or accident potential are called as safety 
hazardous locations. The safety hazardous  locations can be a specific location or a spot (one or more 
distinctive, adverse geometric feature such as horizontal or vertical curve, bridge, underpass, intersection) or a 
road section ( i.e. an identified length of road possessing uniform geometric, traffic and culture, and 
homogeneous as to cross section, surface type, access control, and urban rural characteristics).  
 Study of critical Literature review indicated that most of the methodologies identifies location as hazardous 
on the basis of accident record i.e. based on the total number of accident, accident rate, and the accident 
severity etc. However, some of the deficiency of these methods can be summarised as follows:  
o Safety hazardous locations can be ranked on the basis of the total number of accident occurring during the 
specific period of time. However, if traffic volume is not considered and number of accident is used, the 
action will consist largely of higher volume location 
o Some locations have high frequency of accident but fatality is less. Hence different weightage needs to be 
assigned to accidents with different severity.  
1043 Rakesh Mehar and Pradeep Kumar Agarwal /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  1038 – 1047 
o The numbers of accidents at a particular site will vary widely from year to year, even if there are no 
changes in traffic or in the road layout. Accidents normally occur at random. Since it is a random 
outcome, the actual number of accidents for a road section cannot be trusted to be the true value. One 
location can have more accidents than another location during a certain year. But this does not necessarily 
mean that the first location is more unsafe that the second one.  
o Safety hazardous locations can be identified on the basis of accident rates.  However, it is important that 
the basis on which accident rate are determined be clearly stated. Comparison between the accident rates 
at two locations can be made only using results obtained from an analysis based on similar exposure data.  
o Often comprehensive road accident data is not available. Even when accident data are available, analysis 
to rank hazardous locations cannot be carried out due to its poor quality.   
 
 Some locations like slippery pavements, narrow bridges, etc. may have a high accident potential but may 
not yet have a history of high-accident occurrence (Mohammed, & Ramadan, 2012). Therefore, a 
comprehensive methodology is needed which can rank various hazardous location considering accident 
record as well as safety hazardous conditions at that locations.   
 
 Thus, potential safety improvement locations may not be identified through the data analysis process alone. 
It is required to develop a methodology to rank high-risk locations not revealed of accident record analysis. 
Physical evidences at the road sections and maintenance records could also be used to identify existing safety 
problems and locations for potential safety improvement. A road safety audit (RSA) needs to be conducted 
to review recent accident data and existing roadway/ intersection characteristics (i.e., geometry, control, sight 
distance, travel speeds, lane widths, etc.) to characterize accident data specific to the location of interest. 
Further, it is needed to develop a methodology to quantify the RSA results to rank high risk, medium risk 
and low risk locations. 
 
 
3.3 Identification of Remedial Safety Measures 
 
 After ranking the safety hazardous locations, the next stage in formulating of safety improvement program is 
identification of remedial safety measures to be implemented on the different road safety hazardous location. The 
purpose of stage is to develop a methodology how to identify safety remedial measure for preventing accidents 
and mitigating accident severity. Some of the requirements of development of such a methodology are identified 
as follows: 
 Once the safety hazardous location is ranked, suitable safety related remedial measures can be developed. 
Identification of possible remedial measures using accident records needs to accomplish the following  steps  
o Step I: Identify the accident pattern at the location using summary of accident available in accident 
records.   
o Step II: Identify the possible causes of accident on the basis of accident pattern. 
o Step III: Identify possible remedial measures on the basis of possible causes of accidents and road 
safety audit. 
 The first task in this process is in-depth study of the accident data obtained at hazardous location. The result 
of analysis will indicate the type of accident that predominate or that have abnormal frequency rate, the list of 
possible causes obtained is preliminary, and personal knowledge of the site, field condition, and police 
accident record should also be used to improve this list.  Typically the key accident types are selected based 
on the number and severity of accidents. Identify characteristics of the location  on which key accident types 
occur (e.g., rural versus urban, two-lane versus four-lane, divided versus undivided, on curve versus on 
tangent, type of intersection control, etc.). 
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 The environmental condition existing at the time of accident may also help in identifying possible cause of 
accident. By identifying the reasons that make the section hazardous it is possible to improve road safety. The 
next task is to conduct a field review of the study site. These reviews involve a physical condition of the site 
and the observation of the traffic operation at the site. Detailed engineering studies need to carry out to collect 
information on road network, including traffic volumes, design features, and a location- referenced traffic 
control device inventory.  
 For  the collection of detailed accident related information, a separate system ( either within the police or with 
the road owing agency ) may have to be created which can collect and carry out detailed investigations for 
certain types of accident at certain types of locations or for certain types of accidents through special and 
regular  programs/projects. 
 A site investigation is carried out by specialist accident investigators to determine the exact conditions at the    
location.  
 The investigation will observe traffic flows and road user behaviour at the time of accidents most frequently 
occur, determine what other information may be required (such as speed measurements and skid resistance), 
and start to define the problems associated with the location. 
 A detailed analysis of the accidents occurring at that location is then carried out.  
 The basic objective is to acquire as much relevant knowledge as possible from accident site to help in prevent 
accident of similar nature from occurring in the future. To satisfy fully all the needs may mean collecting a 
rather large number of features of about every accident. In order to do this, it is not only essential to have a 
reliable accident data base but also one which one is as comprehensive as possible (IRC, 2012)   This 
accident record system need to be covered the following information. 
o The information obtained from this review is then used to conform the existence of physical deficiencies 
suspected, based on the pattern of accident, and to refine the list of possible cause. The refined list of 
possible accidents is   used to determine what data will require to identify the safety deficiencies at the 
study site. In case where the necessary data are available, it will not be necessary to carry out specific 
engineering road safety audit studies. When the appropriate data are not available, the engineering studies 
will be conducted.  
 
 After identified the hazardous location at the study site, the next task is to develop alternative remedial 
measures to alleviate the identified safety deficiencies. The selection of remedial measure should be made 
carefully based on the effectiveness of each remedial measure considered in reducing the rate for the similar 
type of accident being considered. Further, research is also needed on the following aspects to identify  
remedial safety measure: 
o Research is needed to identify remedial safety measure using technology like intelligent transport system 
(ITS) technologies. Various measures like Area Traffic Control, Coordinated Signal and electronic 
information system on highways etc. should be considered for improving road safety. 
o Research is also needed to evaluate the performance of safety devices so as to evolve suitable device 
satisfying the requirement. 
o Research is also needed to develop guidelines for provision of varius project facilities on roads i.e truck 
lay bye, service road etc. Considering their effectiveness in reducing accidents and cost involved.  
 However, as discussed earlier, sometime accident record is not available or can not be analysed to 
recommend safety remedial measures due to its poor quality. Therefore, there is a need to develop a 
comprehensive methodology that should be capable of identifying the remedial measures on the basis of 
analysis of accident records as well as detailed engineering studies. 
 
3.4 Prioritization of Remedial Safety Measures 
 
The last stage in formulating of safety improvement program is prioritization of identified remedial safety 
measures to be implemented at different hazardous locations. The purpose of this stage is to formulate the road 
safety improvement program according to a defined criteria and resource constraints.  The final outcome of this 
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stage is the selection of remedial safety measures that will culminate in maximizing the safety improvements in 
the road network. A critical review of the literature indicated number of deficiencies in the prioritization of safety 
measures. Hence, there is an urgent need to develop a rational methodology for prioritization of safety remedial 
measures considering resources available and other requirements. Some of the requirements of development of 
such a methodology are identified as follows: 
  
 Safety remedial measures should be prioritized to ensure that available resources for safety improvements are 
being utilized in the order of the safety hazardous conditions of that sections.. For example the limited safety 
funds to pay for the safety elements i.e. guardrail, lighting etc. on low rank hazardous sections need to be 
assign  lower priority . The priority should t on simple eligibility to 
improve a hazardous road location. Hence, cost effectiveness method may be used for prioritization of 
remedial safety measures so that available recourses for safety improvement can be utilized to achieve 
maximum improvement in safety. 
 Implementation of safety measures on different road sections will not necessarily result in the same 
improvement in road safety. Safety remedial measures should be prioritized considering that how much it is 
more important to reduce fatal accident than to reduce injuries or property damage. Thus, safety remedial 
measures should be prioritized based on their estimated effects on safety improvement and costs etc Hence, it 
is required to quantify the effectiveness of various Safety remedial measures in improving road safety.. 
Therefore, it is required that proposed methodology be able to quantify the effectiveness in safety 
improvement for various safety measures. The various factors considered for this purpose may include 
accident cost, interest rates, service life, accident reduction factor, traffic growth rate etc.  
 Most transportation decisions are ultimately political in nature.  Politicians may favor or oppose certain 
remedial safety measures because of constituent concerns or public demands. If constituents demand a 
particular solution to a safety problem, politicians may support it regardless of cost-effectiveness Therefore; 
the methodology must also determine the priority considering the political preferences. 
 It is also required that methodology should also be capable to evaluate the effectiveness of road safety 
improvement program. It is required to develop performance measures to evaluate the effectiveness of road 
safety improvement program. Some of the requirements of development of such a performance measures are 
identified as follows: 
 The criterion for evaluation of road safety improvement program performance should be selected in accordance 
with the objectives of safety improvement program.  
o Performance measures should be able to identify the effectiveness of utilizing resources.   
o These safety performance measures should be important, valid, and ensure that the quantity measured 
substantially impact road safety.  
o These safety performance measures should be understandable and easily communicated to decision 
maker and the public. 
o Performance measures must be sensitive enough to asses change in safety performance after road safety 
improvement program implemented. Agency should also capable of collecting or accessing   timely and 
accurate data relevant to the performance measures.  
The methodology adopted should be simple and no complex formulation is required 
 
4.   Application of the study 
 
    This section presents the application of the framework proposed in this study. Application of this study is 
briefly explained with the help of an example problem of a road network consisting of 3 road sections namely 
road A, road B and road C. Accident studies were conducted on the three roads. The road A was 5 km in length 
with an average daily traffic (ADT) of 6500 vpd, the road B was 10 km in length with an ADT of 8000 vpd, and 
the road C was 7 km in length with an ADT of 6000 vpd. Over the year- long study period, 20 accidents was 
occurred on the road A with 3 fatalities, 35 accident on road B with 6 fatalities and on road C, 25 accident was 
occurred with 5 fatalities. The present system of recording and analysis of accident data is grossly inadequate to 
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carry out any meaning full analysis to recommend preventive safety measures. Thus, the frame work proposed in 
this study can be used to develop a simple methodology to make it easier to collect, manage, and use accident 
record for formulation of road safety improvement program. 
 
It is also required to rank the three roads A, road B, and road C in the road network so that remedial safety 
measures can be implemented to improve safety within the constraints of resource available. Hazardous road 
sections are generally ranked on the basis of number of accidents occurring within a stated period (say one year) 
i.e road B may be  at rank 1, road C  at rank 2 and road A  at rank 3. However it is required to differentiate 
between location with high number of accident because of an exceptional hazard and location where the high 
number of accident results from a lesser hazard but has heavy traffic volumes. It is also required accident to be 
weight for their severity. Some locations like slippery pavements, narrow bridges, etc. may have a high accident 
potential but may not yet have a history of high-accident occurrence Therefore, the frame work proposed in this 
study can be used to develop a comprehensive methodology to rank various hazardous location considering 
accident record as well as safety hazardous conditions at that locations.   
 
Next step is the identification of remedial safety measures to be implemented on road A, road B and road C. The 
detailed engineering studies have determined that right turn collision are most common on road A and are caused 
by vehicle attempting to pass. Road B has an abnormally high pedestrian accident rate. Road C has high accident 
rate due to restricted sight distances.  Several remedial measures can be proposed for road A, road B and road C 
to reduce accidents on these roads. For example, on road A remove sight obstructions, install warning sing, install 
signals etc,  on road B safety measures may include prohibit parking,  install warning signs, sidewalks etc, and on 
road C remedial measures may include remove obstacle and install warning signs etc. However, it is required to 
identify the most desirable remedial safety measures at a location, based on the knowledge of the effectiveness of 
similar safety remedial measures in the past. Therefore, this study can be used to develop a methodology to 
quantify the effectiveness of various remedial safety measures in improving road safety. Further,  it is also 
required that safety remedial measures identified on roads A, road B and road C should be prioritized to ensure 
that available resources for safety improvements are being utilized in the order of the safety hazardous conditions 
of that roads. For example the limited safety funds to pay for the safety elements i.e. install warning signs etc. on 
low rank hazardous road A need to be assign lower priority  
and not on simple eligibility to improve a hazardous road location. Hence, this study may be useful for 
developing a methodology for prioritization of remedial safety measures so that available recourses for safety 
improvement can be utilized to achieve maximum improvement in safety. 
 
5. Conclusions 
 
  This study presents basic concepts so that systematic approach for formulation of a road safety improvement 
program in India can be developed. The following conclusions may be drawn based on the present study: 
 There is an urgent need to develop a systematic approach for formulation of a road safety improvement 
program in India.   
 This study highlights the system of accident data collection in India is inconsistent and irregular as there is 
neither data collection format nor any robust system of regular and systematic data retrieval which is 
dependable and meaningful.  The accident record system has been found to be grossly inadequate from point 
of view of recommended accident preventive measures.  
 This study presents a frame work for development of road safety improvement program in India.  Major 
stages of road safety improvement program identified are development of accident recording system, ranking 
of safety hazardous location, identification of remedial safety measures and prioritization of identified safety 
measures.   
 There is an urgent need to develop a simple methodology to make it easier to collect, manage, and use 
accident record for formulation of road safety improvement program The accident record system needs to 
have several quality measures such as timeliness, accuracy, completeness, uniformity, integration, and 
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accessibility A data standards manual needs to be developed to identify data streams, data definitions, and 
the agencies responsible for data collection and analysis. There is a need to develop expertise in the country  
for accident recording and analysis work  
 As comprehensive accident record is generally not available or cannot be analysed to recommend safety 
remedial measures   due to its poor quality. Thus, potential safety improvement locations may not be 
identified through the data analysis process alone. It is required to develop a methodology to rank high-risk 
locations not revealed of accident record analysis. Physical evidences at the road sections and maintenance 
records could also be used to identify existing safety problems and locations for potential safety 
improvement. A road safety audit (RSA) needs to be conducted to review recent accident data and existing 
roadway/ intersection characteristics (i.e., geometry, control, sight distance, travel speeds, lane widths, etc.) 
to characterize accident data specific to the location of interest. Further, it is needed to develop a 
methodology to quantify the RSA results to rank high risk, medium risk and low risk locations.  
 Therefore, there is a need to develop a comprehensive methodology that should be capable of identifying the 
remedial measures on the basis of analysis of accident records as well as detailed engineering studies. 
 Safety remedial measures should be prioritized based on their estimated effects on safety improvement and 
costs etc Therefore, it is required that proposed methodology be able to quantify the effectiveness of various 
Safety remedial measures in improving road safety.  
 It is also required that methodology should also be capable to evaluate the effectiveness of road safety 
improvement program. 
 
It is expected that this study will provide a framework for development of road safety improvement program in 
India and thus pave the way for improving safety on Indian roads. 
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